WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07D 401/04, A61K 31/44 



Al 



(11) International Publication Number: WO 97/35856 

(43) International Publication Date: 2 October 1997 (02.10.97) 



(21) International Application Number: PCT/US97/05820 

(22) International Filing Date: 24 March 1997 (24.03.97) 



(30) Priority Data: 

60/014,137 



25 March 1996 (25.03.96) 



US 



(71) Applicant (for all designated States except US): SMITHKLINE 
BEECHAM CORPORATION [US/US]; One Franklin Plaza, 
Philadelphia. PA 19103 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): FEUER STEIN, Giora, Z. 
(US/US]; 405 B all ytore Road, Wynnewood. PA 19096 (US). 

(74) Agents: DINNER, Dara, L. et al.; SmithKIine Beecham 
Corporation, Corporate Intellectual Property, UW2220, 709 
Swedeland Road, P.O. Box 1539. King of Prussia, PA 
19406-0939 (US). 



(81) Designated States: JP. US. European patent (AT, BE. CH, DE, 
DK. ES, FI, FR, GB, GR, IE. IT. LU. MC. NL. PT. SE). 



Published 

With international search report. 



(54) Title: NOVEL TREATMENT FOR CNS INJURIES 
(57) Abstract 

Use of 1,4,5-substituted imidazole compounds and compositions in the treatment of CNS injuries to the brain. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


Fl 


Finland 


AT 


Austria 


FR 


Prance 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgiurn 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ * 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Carnal African Republic 


JP 


Japan 


CG 


Congo 


KB 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzsun 


ci 


Cote d'lvotre 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


cu 


Cuba- 


KZ 


Kazakaun 


cz 


Czech Republic 


LC 


Sain! Lucia 


DE 


Germany 


U 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

FT 

RO 

RU 

SD 

SE 

SG 



Lithuania 
Luxembourg 
Latvia 
Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mall 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

NetherUnds 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trin idad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of America 


uz 


Uzbekistan 


VN 


VirtNarn 


YU 


Yugoslavia 


ZW 


Zimbabwe 



Sweden 
Singapore 



WO 97/35856 



PCTYUS97/05820 



5 NOVEL TREATMENT FOR CNS INJURIES 

FIELD OF THE INVENTION 

This invention relates to a novel use of imidazole compounds in the treatment of 
CNS injuries. 

10 

BACKGROUND OF THE INVENTION 

lnterleukin-1 (DL-1) and Tumor Necrosis Factor (TNF) are biological substances 
produced by a variety of cells, such as monocytes or macrophages. IL-1 has been 
demonstrated to mediate a variety of biological activities thought to be important in 

1 5 immunoregulation and other physiological conditions such as inflammation [See, e.g., 
Dinarello et al., Rev. Infect. Disease . 6, 51 (1984)]. The myriad of known biological 
activities of IL-1 include the activation of T helper cells, induction of fever, stimulation of 
prostaglandin or collagenase production, neutrophil chemotaxis, induction of acute phase 
proteins and the suppression of plasma iron levels. 

20 There are many disease states in which excessive or unregulated IL-1 production 

is implicated in exacerbating and/or causing the disease. These include rheumatoid 
. arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other acute or chronic 
inflammatory disease states such as the inflammatory reaction induced by endotoxin or 
inflammatory bowel disease; tuberculosis, atherosclerosis, muscle degeneration, cachexia, 

25 psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella 
arthritis, and acute synovitis. Recent evidence also links IL-1 activity to diabetes and 
pancreatic 6 cells. 

' Dinarello, J. Clinical Immunology . 5 (5), 287-297 (1985), reviews the biological 
activities which have been attributed to EL-1. It should be noted that some of these 

30 effects have been described by others as indirect effects of IL- 1 . 

Excessive or unregulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid spondylitis, 
osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic shock, endotoxic 
shock, gram negative sepsis, toxic shock syndrome, adult respiratory distress syndrome, 

35 cerebral malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary 

sarcoisosis, bone resorption diseases, reperfusion injury, graft vs. host reaction, allograft 
rejections, fever and myalgias due to infection, such as influenza, cachexia secondary to 
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infection or malignancy, cachexia, secondary lo acquired immune deficiency syndrome 
(AIDS), AIDS, ARC (AIDS related complex), keloid formation, scar tissue formation, 
Crohn's disease, ulcerative colitis, or pyresis. 

Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in 
5 1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts, 
endothelial cells, and keratinocyles. Its production from endothelial cells is induced by 
IL-1, TNF, or lipopolysachharide (LPS). Human IL-8 has been shown to act on Mouse, 
Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been applied to 
IL-8, such as neutrophil attractant/activation protein- 1 (NAP- 1), monocyte derived 
10 neutrophil chemotactic factor (MDNCF), neutrophil activating factor (NAF), and T-cell 
lymphocyte chemotactic factor. 

IL-8 stimulates a number of functions in vitro. It has been shown to have 
chemoattractant properties for neutrophils, T-lymphocytes, and basophils. In addition it 
induces histamine release from basophils from both normal and atopic individuals as well 
15 as lysozornal enzyme release and respiratory burst from neutrophils. IL-8 has also been 
shown to increase the surface expression of Mac- 1 (CD lib/CD 18) on neutrophils without 
de novo protein synthesis, this may contribute to increased adhesion of the neutrophils to 
vascular endothelial cells. Many diseases are characterized by massive neutrophil 
infiltration. 

20 IL- 1 and TNF affect a wide variety of cells and tissues and these cytokines as well 

as other leukocyte derived cytokines are important and critical inflammatory mediators of 
a wide variety of disease states and conditions. The inhibition of these cytokines is of 
benefit in controlling, reducing and alleviating many of these disease states. 

There remains a need for the treatment, and for the prevention of CNS injuries 

25 which are related to the ability of compounds which are cytokine suppressive, i.e. 

compounds which are capable of inhibiting cytokines, such as IL-1, IL-6, IL-8 and TNF. 

SUMMARY OF THE INVENTION 

This invention relates to the use of CS AID ™ cytokine suppressive binding 
30 compounds, or pharmaceutical compositions thereof in the treatment of CNS injuries, such 
as head trauma, and ischemia. 

The preferred compounds for use as cytokine inhibitors are those compounds 
of Formula (I) as noted herein. The preferred method of inhibition is the inhibition of 
the CSBP/p38/RK kinase pathway. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is to the novel use of a cytokine inhibitor, in particular 
that of cytokine CSBP/p38, for treating, in an acute setting, as well as preventing, in those 
individuals deemed susceptible to, various CNS injuries. A preferred group of these 
5 cytokine suppressive compounds are described herein as compounds of Formula (I). 

CNS injuries as defined herein include both open or penetrating head trauma, such 
as by surgery, or a closed head trauma injury, such as by an injury to the head region. 
Also included within this definition is ischemic stroke, particularly to the brain area. 

Ischemic stroke may be defined as a focal neurologic disorder that results from 
10 insufficient blood supply to a particular brain area, usually as a consequence of an 
embolus, thrombi, or local atheromatous closure of the blood vessel. The role of 
inflammatory cytokines in this are has been emerging and the present invention provides a 
mean for the potential treatment of these injuries. Relatively little treatment, for an acute 
injury such as these has been available. 
15 TNF-a is a cytokine with proinflammatory actions, including endothelial leukocyte 

adhesion molecule expression. Leukocytes infiltrate into ischemic brain lesions and hence 
compounds which inhibit or decrease levels of TNF would be useful for treatment of 
ischemic brain injury. See Liu et al.. Stoke, Vol. 25., No. 7, pp 1481-88 (1994) whose 
disclosure is incorporated herein by reference. 
20 Models of closed head injuries and treatment with mixed 5-LO/CO agents is 

discussed in Shohami et al., J. of Vaisc & Clinical Physiology and Pharmacology, Vol. 3, 
No. 2, pp 99-107 (1992) whose disclosure is incorporated herein by reference. 
Treatment which reduced edema formation was found to improve functional outcome in 
those animals treated. 

25 Compounds for use herein include the cytokine inhibitors as described in 

USSN 08/091,491, published as WO95/02575; W096/21452; USSN 08/369,964; 
USSN 08/473,396; USSN 08/659,102; USSN 08/764,003; WO96/40143; USSN 
08/473,398; W096/2 1654; W093/ 14081; USSN 08/095,234; WO95/03297; USSN 
08/481,671; PCIYUS97/00619; PCT/US97/00614; PCT/US97/00500; 

30 PCT/US97/00529; USSN 60/013,357; USSN 60/013,358; USSN 60/013,359; 
WO93/14082; WO95/13067; and W095/31451. Each of these references are 
incorporated by reference herein in their entirety. 

Preferred compounds for use as cytokine inhibitors are those compounds of 
Formula (I) noted below. Synthetic chemistry and methods of pharmaceutical 

35 formulations thereof are also contained within each noted patent application. A 
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description of the assay for inhibition of the cytokine specific binding protein 
(CSBP) is also found in WO95/07922, whose disclosure is incorporated by 
reference in its entirety. 

Accordingly, the present invention provides for use of a compound of Formula (I): 



5 




wherein: 

Rl is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, quinazolin-4-yI, 1 -imidazolyl or 

1-benzimidazolyi, which heteroaryl ring is optionally substituted independently one to 
three times with Y, NHR a , optionally substituted Cl-4 alkyl, halogen, hydroxy 1, 
1 0 optionally substituted C i -4 alkoxy , optionally substituted C ] -4 alky lthio, C l .4 
alkylsulfmyl, CH2OR12. amino, mono and di- Q-6 alkyl substituted amino, or 
N(Ri0)C(O)Rb; 

YisX r R a ; 

X \ is oxygen or sulfur; 

15 R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally substituted by 
one or two substituents, each of which is independently selected, and which, for a 4- 
phenyl, 4-naphth-l-yl, 5-naphth-2-yl or 6-naphth-2-yl substituent, is halogen, cyanb, 
nitro, -C(Z)NR7Rl7, -C(Z)ORl6, (CRioR20)vCORl2, -SR5, SOR5, -OR12, halo- 
substituted-Ci-4 alkyl, C\A alkyl, -ZC(Z)Ri2> -NRioC(Z)Ri6, or 
20 -(CR 10R20)vNR 10 R 20 and which, for other positions of substitution, is halogen, 
cyano, -C(Z)NRi3Rl4. -C(Z)OR3. (CRioR20)m"COR3, -S(0) m R3. -OR3, halo- 
substituted-Ci-4 alkyl, -Cm alkyl, -(CRioR20)m"NRl()C(Z)R3, -NRl0S(O) m 'R8- 
-NRl0S(O) m 'NR7Rl7, -ZC(Z)R3 or -(CR]OR20)m"NRi3Rl4; 
v is 0, or an integer having a value of 1 or 2; 
25 m is 0, or the integer 1 or 2; 

irV is an integer having a value of 1 or 2, 

m M is 0, or an integer having a value of 1 to 5; 

R2 is Ci-10 alkyl N3, -(CRi()R20)n f OR9, heterocyclyl, heterocyclylQ-iO alkyl, 
Ci-ioaikyl, halo-substituted Ci- 10 alkyl, C2-10 alkenyl,C2-10 alkynyl,C3-7 
30 cycloalkyl, C3-7cycloalkylC 1-10 alkyl, C5-7 cycloalkenyl, C5-7 cycloalkenyl 

Ci-ioalkyl, aryl, arylCi-10 alkyl, heteroaryl, heteroarylCi-loalkyl, (CRl0R20)nORl 1 
(CRioR20)nS(0) m Rl8, (CRl0R20)nNHS(O)2 R 18> (CRjoR20)nNRl3Rl4, 
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(CRioR20)nN02, (CRioR20)nCN, (CRi()R20)n'SO2Rl8. 
(CRl0R20)nS(O) m 'NRl3Rl4. (CRioR20)nQZ)Ri i, (CRl0R20)nOC(Z)Ri l, 
(CRioR20)nQZ)ORi 1, (CRi 0 R20)nC(Z)NRi 3 Ri 4 , (CRioR20)nC(Z)NRi 1OR9, 
(CRi0R20)nNRl0C(Z)Ri i, (CRioR20)nNRlOC(Z)NR]3Rl4. 
5 (CRioR20)nN(OR6)C(Z)NRi 3 Rl4. (CRioR20)nN(OR6)C(Z)Ri 1, 
(CRioR20)nQ=NOR6)Rl 1, (CRl0R20)nNRl0Q=NRi9)NRi3Rl4, 
(CRl0R20)nOC(Z)NRi3Rl4, (CRl0R20)nNRl0C(Z)NRi3Rl4, 
(CRl0R20)nNRl0C(Z)ORi0, 5-(Ri 8 )-l,2,4-oxadizaol-3-yl or 4-(Ri 2 )-5-(Ri 8 Ri9)-4,5- 
dihydro-l,2,4-oxadiazol-3-yi; wherein the cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
10 heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be optionally 

substituted; 

n is an integer having a value of 1 to 10; 

n' is 0, or an integer having a value of 1 to 10; 

Z is oxygen or sulfur; 

15 Ra is Ci-6alkyl, aryl, arylCi-6alkyl, heterocyclic, heterocyclylCl-6 alkyl, heteroaryl, or 
heteroary!Ci-6alkyl, wherein each of these moieties may be optionally substituted; 
Rb is hydrogen, Ci-6 alkyl, C3.7 cycloalkyl, aryl, arylCi-4 alkyl, heteroaryl, 

heteroarylCi-4alkyl, heterocyclyl, or heterocyclylCi-4 alkyl; 
R 3 is heterocyclyl, heterocyclylC i-io alkyl or R8; 
20 R5 is hydrogen, Cj-4 alkyl, C2-4 alkenyl, C2-4 alkynyl or NR7R17, excluding the moieties 
-SR5 being -SNR7R17 and -SOR5 being -SOH; 
R6 is hydrogen, a pharmaceutical^ acceptable cation, Ci-io alkyl, C3-7 cycloalkyl, aryl, 

arylCi-4 alkyl, heteroaryl, heteroarylCi-4 alkyl, heterocyclic, aroyl, or Ci-io alkanoyl; 
R7 and R17 is each independently selected from hydrogen or C i- 4 alkyl or R7 and R17 
25 together with the nitrogen to which they are attached form a heterocyclic ring of 5 to 7 

members which ring optionally contains an additional heteroatom selected from oxygen, 
sulfur or NR15; 

R8 is Ci-io alkyl, halo-substituted Ci-io alkyl. C2-10 alkenyl, C2-10 alkynyl, C3-7 

cycloalkyl, C5-7 cycloalkenyl, aryl, arylCi-10 alkyl, heteroaryl, heteroarylCi- 10 alkyl, 
30 (CRioR20)nORn, (CRioR20)nS(0) m Ri8, (CRioR20)nNHS(0)2R|8> 

(CRi0R20)nNRl3Rl4; wherein the aryl, arylalkyl, heteroaryl, heteroaryl alkyl may be 
optionally substituted; 
R9 is hydrogen, -C(Z)Ri 1 or optionally substituted Cmo alkyl, S(0)2Rl8> optionally 
substituted aryl or optionally substituted aryl-Ci-4 alkyl; 
35 Rio and R20 is each independently selected from hydrogen or C 1 -4 alkyl; 
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Rl 1 is hydrogen, Ci- 10 alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Cl-ioalkyl, aryl, 

arylCi-10 alkyl, heteroaryl or heteroarylCi-10 alkyl; 
R]2is hydrogen orR]6; 

Rl3 and Rl4 is each independently selected from hydrogen or optionally substituted C 1 -4 
5 alkyl, optionally substituted aryl or optionally substituted aryl-C i -4 alkyl, or together 

with the nitrogen to which they are attached form a heterocyclic ring of 5 to 7 members 
which ring optionally contains an additional heteroatom selected from oxygen, sulfur or 
NR9; 

Rl5isRi0or C(Z)-Ci-4 allcyl; 
10 Rl6 is C1-4 alkyl, halo-substituted-Ci-4 alkyl, or C3-7 cycloalkyl; 

Rl8 is Ci-10 alkyl, C3.7 cycloalkyl, heterocyclyl, aryl, arylalkyl, heterocyclyl, heterocyclyl- 

Ci-ioalkyl, heteroaryl or heteroarylalkyl; 
Rl9 is hydrogen, cyano. Cm alkyl, C3-7 cycloalkyl or aryl; 
or a pharmaceutical^ acceptable salt thereof. 

15 

Suitably, Rl is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, quinazolin-4-yl, 1- 
imidazolyl or 1-benzimidazolyl. Preferably, Rl is an optionally substituted 4-pyridyl or 4- 
pyrimindyl, more preferably an optionally substituted 4-pyrimidinyL 

20 The Ri heteroaryl ring may be optionally substituted independently one to three 

times with Y, NHR a , optionally substituted Cl-4 alkyl, halogen, hydroxyl, optionally 
substituted C]-4 alkoxy, optionally substituted Cl-4 alkylthio, Cl-4 alkylsulfinyl, 
CH2OR12, amino, mono and di- Q-6 alkyl substituted amino, or N(Ri0)C(O)Rb- 

25 Suitably Y is X !-R a wherein X \ is oxygen or sulfur, preferably oxygen. 

Preferably the hetoaryl ring R, is substituted by alkoxy, alkylthio, amino, 
methylamino, NHR a , or Y. More preferably, Y, NHR a . or C 1-4 alkoxy. A preferred ring 
placement of the R 1 substituent on the 4-pyridyl derivative is the 2-position, such as 
30 2-methoxy-4-pyridyl. A preferred ring placement on the 4-pyrimidinyl ring is also at the 2- 
position. such as in 2-methoxy-pyrimidinyl. 

Suitably, R a is Ci-6 alkyl, aiyl, arylCi -6 alkyl, heterocyclic, heterocyclic 1 -6 alkyl, 
heteroaryl, or heteroarylCi-6alkyl, wherein each of these moieties may be optionally 
35 substituted. 
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Suitably, Rb is hydrogen, Ci-6 alkyl, C3-7 cycioalkyl, aryl, arylCi-4 alkyl, heteroaryl, 
heteroarylCi-4alkyl, heterocyclyl, or heterocyclic 1-4 alkyl. 

5 When the substituent is Y, and Ra is aryl, it is preferably phenyl or naphthyl. When 

R a is aryl alkyl, it is preferably benzyl or napthylmethyl. When Ra is heterocyclic or 
heterocyclic alkyl moiety, the heterocyclic portion is preferably pyrrolindinyl, piperidine, 
morpholino, tetrahydropyran, tetrahydrothiopyranyl, tetrahydrothipyran-sulfinyl, 
tetrahydrothiopyransulfonyl, pyrrolindinyl, indole, or piperonyl. It is noted that the 

10 heterocyclic rings herein may contain unsaturation, such as in a tryptamine ring. 

These R a aryl, heterocyclic and heteroaryl rings may also be optionally substituted 
one or more times independently with halogen; C 1-4 alkyl, such as methyl, ethyl, propyl, 
isopropyl, or t-butyl; halosubstituted alkyl, such as CF3; hydroxy; hydroxy substituted Ci -4 
alkyl; Ci-4 alkoxy, such as methoxy or ethoxy; S(0) m alkyl and S(0)m aryl (wherein m is 0, 

15 1, or 2); C(0)ORi 1, such as C(0)Cm alkyl or QO)OH moieties; C(0)Ri ] ; -OC(0)R c ; 
0-(CH2)s-0-, such as in a ketal or dioxyalkylene bridge; amino; mono- and di-Ci-6 
alkylsubstituted amino; -N(Ri0)C(O)Rb; -C(O)NRi()R20; cyano, nitro, or an N-heterocyclyl 
ring which ring has from 5 to 7 members and optionally contains an additional heteroatom 
selected from oxygen, sulfur or NR15; optionally subtituted aryl, such as phenyl; an 

20 optionally substituted arylalkyl, such as benzyl or phenethyl; aryloxy, such as phenoxy; or 
arylalkyloxy such as benzyloxy; these aryl and arylalkyl moieties may be substitued with 
halogen, alkyl, alkoxy, S(0)m alkyl, amino, or mono- and di-Ci-6 alkylsubstituted amino. 

Suitably Rc is optionally substituted Cj-6 alkyl, C3-7 cycloalkyl, aryl, arylCj-4 alkyl, 
25 heteroaryl, heteroarylC 1 -4alkyl, heterocyclyl, or heterocyclylC l .4 alkyl moieties. 



Preferably, the R a groups include benzyl, halosubstituted benzyl, napthylmethyl, 
phenyl, halosubstituted phenyl, aminocarbonylphenyl, alkylphenyl, cyanophenyl, 
alkylthiophenyl, hydroxyphenyl, alkoxyphenyl, morpholinopropyl, piperonyl, piperidin-4-yl, 
30 alkyl substituted piperidine, such as 1 -methyl piperidine, or 2,2 f 6,6-tetramethylpiperidin-4-yl. 

Preferably, when the substituent is NHR a then R a is aryl, arylalkyl, halosubstituted 
arylalkyl, halosubstituted aryl, heterocyclic alkyl, hydroxy alkyl, alkyl- 1-piperidine- 
carboxylate, heterocyclic, alkyl substituted heterocyclic, halosubstituted heterocyclic, or aryl 
35 substituted heterocyclic. More specifically R a is benzyl, halosubstituted benzyl. 
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napthylmethyl, phenyl, halosubstituted phenyl morpholinopropyl, 2-hydroxy ethyl, ethyl- 1- 
piperidinecarboxylate, piperonyl, piperidin-4-yl. alkyl substituted piperidine, 
chlorotryptamine, and tetrathiohydropyranyl. 

5 Preferably, when the R \ oplionaly substituent is a substituted C l -4 alkoxy or C ] -4 

alkylthio, the alkyl chain is substituted by halogen, such as fluorine, chlorine, bromine or 
iodine; hydroxy, such as hydroxy ethoxy; Cmo alkoxy, such as a methoxymethoxy, S(0)m 
alkyl, wherein m is 0, 1 or 2; amino, mono & di-substituted amino, such as in the NR7R17 
group, i.e. tert-butylaminoethoxy; or where the R7R17 may together with the nitrogen to 

10 which they are attached cyclize to form a 5 to 7 membered ring which optionally includes an 
additional heteroatom selected from O/N/S; Q-io alkyl, cycloalkyl, or cycloalkyl alkyl 
group, such as methyl, ethyl, propyl, isopropyl, t-butyl, etc. or cyclopropyl methyl; or 
halosubstituted C1-10 alkyl, such as CF3. Preferably, such Ri substituents are 
tertbutylaminoethoxy, or hydroxyethoxy. 

15 

Preferably, the R4 moiety is an unsubstituted or substituted phenyl moiety. More 
preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or substituted 
at the 3-position with fluoro, chloro, Cj-4 alkoxy, methane-sulfonamido or acetamido, or R4 
is a phenyl di-substituted at the 3,4-position independently with chloro or fluoro, more 
20 preferably chloro. Most preferably, R4 is 4-fluorophenyl. 

In Formula (I), Z is suitably oxygen or sulfur. 

Suitably, R2 is selected from Cl-io alkyl, optionally substituted heterocyclyl, 
25 optionally substituted heterocyclic l- 10 alkyl, (CRl0R20)nNS(O)2Rl8> 

(CRl0R20)nS(O) m Rl8, arylCi-K) alkyl, (CRioR20)nNRl3Rl4, optionally substituted C3- 
7cycloalkyl, or optionally substituted C3-7cycloalkyl Cmo alkyl. Preferably R2 is 
morpholino propyl, piperidine, N-methylpiperidine, N-benzylpiperidine, 2,2,6,6- 
tetramethylpiperidine, 4-aminopiperidine, 4-ammo-2,2,6,6-tetramethyl piperidine, 
30 4-hydroxycyclohexyl, 4-methyl-4-hydroxy cyclohexyl, 4-pyrrolinindyl-cyclohexyl, 4-methyl- 
4-aminocyclohexyl, 4-methyl-4-acetamidocyclohexyl, 4-keto cyclohexyl, 4-oxiranyl, or 4- 
hydroxy-4-( 1 -propynyl)cyclohexyl. 



Preferably R2 is an optionally substituted heterocyclyl ring, and optionally 
35 substituted heterocyclic l- 10 alkyl, an optionally substituted C| -10 alkyl, an optionally 
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substituted C3-7cycloalkyl, an optionally substituted C3-7cycloalkyl Ci-10 alkyl, 
(CRioR20)nC(Z)ORi l group, (CRioR20)nNRj3Rl4, (CRioR20)nNHS(0)2Rl8, 
(CRioR20)nS(0) m Rl8» an optionally substituted aryl; an optionally substituted arylCi-10 
alkyl, (CR]0R20)nORl 1 , (CRjoR20)nC(Z)Ri i, or (CRioR20)nC (=NOR6)Rl 1 group. 

5 

More preferably R2 is an optionally substituted heterocyclyl ring, and optionally 
substituted heterocyclylC]-]0 alkyl, an optionally substituted C3-7cycloalkyl, or an 
optionally substituted C3-7cycloalkyl Ci-io alkyl. 

More preferably R2 is an optionally substituted C4 or C6 cycloalkyl; morpholinyl 

10 butyl; morpholinyl propyl; morpholinyl ethyl; cyclohexyl substituted by methyl, phenyl, 
benzyl, amino, acetamide, aminomethyl, aminoethyl, cyanomethyl, cyanoethyl, hydroxy, 
nitroethyl, pyrrolidinyl, ethynyl, 1-propynyl, =0, 0(CH2)20-, =NORi 1, wherein Ri 1 is 
hydrogen, alkyl or aryl, NHOH, or N(OH)-C(0)-NH2; aminopropyi; piperidinyl; N-benzyl- 
4-piperidinyl; N-methyl-4-piperidinyl; 2,2,6,6-tetramethypiperidinyl; substituted piperidine, 

15 such as l-Formyl-4-piperidine; or a l-ethoxycarbonyl-4-piperidine. 

When R2 is an optionally substituted heterocyclyl, the ring is preferably a 

morpholino, pyrrolidinyl, or a piperidinyl group. When the ring is optionally substituted, the 

substituents may be directly attached to the free nitrogen, such as in the piperidinyl group or 

20 pyrrole ring, or on the ring itself. Preferably the ring is a piperidine or pyrrole, more 

preferably piperidine. The heterocyclyl ring may be optionally substituted one to four times 

independently by halogen; Ci -4 alkyl; aryl, such as phenyl; aryl alkyl, such as benzyl and 

wherein the aryl or aryl alkyl moieties themselves may be optionally substituted (as in the 

* 

definition section below); C(O)0Ri ], such as the C(0)Ci-4 alkyl or C(0)OH moieties; 
25 C(0)H; C(0)Ci-4 alkyl, hydroxy substituted Ci-4 alkyl, Ci-4 alkoxy, S(0) m Ci-4 alkyl 
(wherein m is 0, 1, or 2), NR10R2O (wherein Rio and R20 are independently hydrogen or 
Ci-4alkyl). 

Preferably if the ring is a piperidine, the ring is attached to the imidazole at the 
4-position, and the substituents are directly on the available nitrogen, i.e. a 
30 l-Formyl-4-piperidine, l-benzyl-4-piperidine, l-methyl-4-piperidine, l-ethoxycarbonyl-4- 
piperidine. If the ring is substituted by an alkyl group and the ring is attached in the 
4-position, it is preferably substituted in the 2- or 6- position or both, such as 2*2,6,6- 
tetramethyl-4-piperidine. Similarly, if the ring is a pyrrole, the ring is attached to the 
imidazole at the 3-position, and the substituents are all directly on the available nitrogen. 
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When R2 is an optionally substituted heterocyclyl Cmo alky! group, the ring is 
preferably a morpholino, pyrrolidinyl; or a piperidinyl group. Preferably this alkyl moiety is 
from 1 to 4, more preferably 3 or 4, and most preferably 3, such as in a propyl group. 
Preferred heterocyclic alkyl groups include but are not limited to, morpholino ethyl, 
5 morpholino propyl, pyrrolidinyl propyl, and piperidinyl propyl moieties. The heterocyclic 
ring herein is also optionally substituted in a similar manner to that indicated above for the 
direct attachment of the heterocyclyl. 



When R2 is an optionally substituted C3-7cycloalkyl, or an optionally 
10 substituted C3-7cycloalkyl Ci-10 alkyl, the cycloalkyl group is preferably a C4 or C6 
ring, most preferably a C6 ring, which ring is optionally substituted. The cycloalkyl 
ring may be optionally substituted one to three times independently by halogen, such as 
fluorine, chlorine, bromine or iodine; hydroxy; Ci-10 alkoxy, such as methoxy or 
ethoxy; S(0) m alkyl, wherein m is 0, 1 , or 2, such as methyl thio, methylsulfinyl or 
1 5 methyl sulfonyl; S(0) m aryl; cyano, nitro, amino, mono & di-substituted amino, such as 
in the NR7R17 group, wherein R7 and R17 are as defined in Formula (I), or where the 
R7R17 may cyclize together with the nitrogen to which they are attached to form a 5 
to 7 membered ring which optionally includes an additional heteroatom selected from 
oxygen, sulfur or NR15 (and R 15 is as defined for Formula (I)); N(Rl0)C(O)X'i 
20 (wherein Rio is as defined for Formula (1)), and X' l is C 1-4 alkyl, aryl or 

arylCi-4alkyl); N(Ri0)C(O) aryl; Cmo alkyl, such as methyl, ethyl, propyl, isopropyl, 
or t-butyl; optionally substituted alkyl wherein the substituents are halogen, (such as 
CF3), hydroxy, nitro, cyano, amino, mono & di-substituted amino, such as in the 
NR7R17 group, S(0)m alkyl and S(0)m aryl, wherein m is 0, 1 or 2; optionally 
25 substituted alkylene, such as ethylene or propylene; optionally substituted alkyne, such 
as ethyne; C(0)ORl l (wherein Rj 1 is as defined in Formula (I)), such as the free acid 
or methyl ester derivative; the group R e ; -C(0)H; =0; =N-ORi l ; -N(H)-OH (or 
substituted alkyl or aryl derivatives thereof on the nitrogen or the oxime moiety); 
-N(0Rd)-C(O)-R6'; an optionally substituted aryl, such as phenyl; an optionally 
30 substituted arylC 1 -4alkyl, such as benzyl of phenethyl; an optionally substituted 

heterocycle or heterocyclic C i-4alkyl, and further these aryl, arylalkyl, heterocyclic, 
and heterocyclic alkyl moieties are optionally substituted one to two times by halogen, 
hydroxy, C MO alkoxy, S(0)m alkyl, cyano, nitro, amino, mono & di-substituted 
amino, such as in the NR7R17 group, an alkyl, halosubstituted alkyl. 
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Suitably Rd is hydrogen, a pharmaceutical iy acceptable cation* aroyl or a Ci-io 
alkanoyl group. 

Suitably Re is a 1,3-dioxyalkylene group of the formula -0-(CH2)s-0-, wherein s is 
I to 3, preferably s is 2 yielding a 1,3-dioxyethylene moiety, or ketal functionality. 
5 Suitably Rff is NRi9 , R20 , '» alkyl i_6*, halosubstituted alkyl 1-6; hydroxy substituted 

alkyl 1-6; alkenyl 2-6; aryl or heteroaryl optionally substituted by halogen, alkyl i_6, 
halosubstituted alkyl l -6, hydroxy I, or alkoxy i -6- 
Suitably R 19- is H or alkyl i- 6. 

Suitably R20* is H, alkyl j. 6, aryl, benzyl, heteroaryl, alkyl substituted by halogen or 
10 hydroxyl, or phenyl substituted by a member selected from the group consisting of halo, 
cyano, alkyl 1-12* alkoxy 1.5, halosubstituted alkyl 1 -6, alkylthio, alkylsulphonyl. or 
alkylsulfinyl; or R\y and R2(y may together with the nitrogen to which they are attached 
form a ring having 5 to 7 members, which members may be optionally replaced by a 
heteroatom selected from oxygen, sulfur or nitrogen. The ring may be saturated or contain 
15 more than one unsaturated bond. Preferably R& is NRi9 t R20' and R\y and R2(y are 
preferably hydrogen. 

When the R2 cycloalkyl moiety is substituted by NR7R17 group, or NR7R17 Ci-io 
alkyl group, and the R7 and R 17 are as defined in Formula (I), the substituent is preferably 
an amino, amino alkyl, or an optionally substituted pyrrolidinyl moiety. 
20 A preferred ring placement on the cycloalkyl moiety is the 4-position, such as in a 

C6 ring. When the cycloalkyl ring is di-substituted it is preferably di-substituted at the 4 
position, such as in: 




25 wherein R^ and R 2 ' are independently the optional substituents indicated above for R2. 
Preferably, R 1 ' and R 2 ' are hydrogen, hydroxy, alkyl, substituted alkyl, optionally 
substituted alicyne, aryl, arylalkyl, NR7R17, and N(Ri0)C(O)Rj ]. Suitably, alkyl is C 1-4 
alkyl, such as methyl, ethyl, or isopropyl; NR7R17 and NR7R17 alkyl, such as amino, 
methylamino, aminomethyl, aminoethyl; substituted alkyl such as in cyanomethyl, 

30 cyanoethyl, nitroethyl, pyrrolidinyl; aryl such as in phenyl; arylalkyl, such as in benzyl; 
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optionally substituted alkyne, such as ethyne or propynyl; or together R 1 and R 2 are a keto 
functionality. 

In all instances herein where there is an alkenyl or alkynyl moiety as a 
substituent group, the unsaturated linkage, i.e., the vinylene or acetylene linkage is 
preferably not directly attached to the nitrogen, oxygen or sulfur moieties, for instance 
in OR3, or for certain R2 moieties. 

As used herein, "optionally substituted", unless specifically defined, shall mean 
such groups as halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; hydroxy 
substituted Ci-ioalkyl; Ci-10 alkoxy, such as methoxy orethoxy; S(0)m alkyl, 
wherein m is 0, 1 or 2, such as methyl thio, methylsulfinyl or methyl sulfonyl; amino, 
mono & di-substituted amino, such as in the NR7R17 group; or where the R?Rl7 may 
together with the nitrogen to which they are attached cyclize to form a 5 to 7 
membered ring which optionally includes an additional heteroatom selected from 
O/N/S; Ci-10 alkyl, cycloalkyl, or cycloalkyl alkyl group, such as methyl, ethyl, propyl, 
isopropyl, t-butyl, etc. or cyclopropyl methyl; halosubstituted Ci-10 alkyl, such CF3; 
halosubstituted C 1 - 10 alkoxy; an optionally substituted aryl, such as phenyl, or an 
optionally substituted arylalkyl, such as benzyl or phenethyl, wherein these aryl moieties 
may also be substituted one to two times by halogen; hydroxy; hydroxy substituted 
alkyl; Ci-10 alkoxy; S(0) m alkyl; amino, mono & di-substituted amino, such as in the 
NR7R 1 7 group; alkyl, or CF3. 

Suitable pharmaceutical^ acceptable salts are well known to those skilled in the art 
and include basic salts of inorganic and organic acids, such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, methane sulphonic acid, ethane sulphonic 
acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succinic acid, 
fumaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid and mandelic acid. 
In addition, pharmaceutically acceptable salts of compounds of Formula (I) may also be 
formed with a pharmaceutically acceptable cation, for instance, if a substituentgroup 
comprises a carboxy moiety. Suitable pharmaceutically acceptable cations are well known 
to those skilled in the art and include alkaline, alkaline earth, ammonium and quaternary 
ammonium cations. 

The following terms, as used herein, refer to: 

• "halo" or "halogens", include the halogens: chloro, fluoro, bromo and iodo. 
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• "Ci.ioalkyl" or "alkyl" - both straight and branched chain radicals of 1 to 10 
carbon atoms, unless the chain length is otherwise limited, including, but not limited to, 
methyl, ethyl, n-propyl, uo-propyl, n-butyl, .sec-butyl, feo-butyl, rer/-buiyl, n-pentyl and the 
like. 

5 • The term "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 to 8 

carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the like. 

• The term "cycloalkenyl" is used herein to mean cyclic radicals, preferably of 5 to 8 
carbons, which have at least one bond including but not limited to cyclopentenyl, 
cyclohexenyl, and the like. 

10 • The term "alkenyl M is used herein at all occurrences to mean straight or branched 

chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, including, but 
not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-l-propenyl, l-butenyl, 2-butenyl 
and the like. 

• "aryl" - phenyl and naphthyl; 

15 • "heteroaryl" (on its own or in any combination, such as "heteroaryloxy", or 

"heteroaryl alkyl") - a 5-10 membered aromatic ring system in which one or more rings 
contain one or more heteroatoms selected from the group consisting of N, O or S, such as, 
but not limited, to pyrrole, pyrazole, furan, thiophene, quinoline, isoquinoline, quinazolinyl, 
pyridine, pyrimidine, oxazole, thiazole, thiadiazole, triazole, imidazole, or benzimidazole. 

20 • "heterocyclic" (on its own or in any combination, such as "heterocyclylalkyl") - a 

saturated or partially unsaturated 4-10 membered ring system in which one or more rings 
contain one or more heteroatoms selected from the group consisting of N, O, or S; such as, 
but not limited to, pyrrolidine, piperidine, piperazine, morpholine, tetrahydro pyran, or 
imidazolidine. 

25 • The term "aralkyl" or "heteroarylalkyl" or "heterocyclicalkyl" is used herein to 

mean Q-4 alkyl as defined above attached to an aryl, heteroaryl or heterocyclic moiety as 
also defined herein unless otherwise indicated. 

• "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "thio" refers to 
the sulfide, and the term "sulfonyl" refers to the fully oxidized S(0)2 moiety. 

30 • "aroyl" - a C(0)Ar,jwherein Ar is a phenyl, naphthyl, or aryl alkyl derivative such 

as defined above, such groups include but are not limited to benzyl and phenethyl. 

• "alkanoyl" - a C(O)Ci-i0 alkyl wherein the alkyl is as defined above. 
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For the purposes herein the "core" 4-pyrimidiny) moiety for Ri is referred to 

V J 

as the formula: 

The compounds of the present invention may contain one or more asymmetric 
5 carbon atoms and may exist in racemic and optically active forms. All of these 
compounds are included within the scope of the present invention. 

Exemplified compounds of Formula (I) include: 

l-[3-(4-Morpholinyl)propylM^ 
10 1 -(3-ChJoropropyl)^4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-(3-AzidopropylM-(4-fluorophenyl)-5-(4-pyri 

l-(3-Aminopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)irnidazole; 

1 -(3-Methylsulfonamidopropyl)^(^ 

H3-(N-Phenylmethyl)armnopropylM^ 
1 5 1 -[3-(N-Pheny lmethy l-N-methyl)aminopropyl)-4-(4-fluoropheny l)-5-(4- 
pyridyl)imidazole; 

1 -[3-( 1 -Pyrrolia^nyl)propylM-(4-fluoropte 

1 -(3-Diethy laminopropyl)^-(4-fluoiX)phenylV5-(4-pyridyl)imidazole; 
I -[3-( 1 -Piperiflnyl)propyl]^(4-fluoix>pte^ 
20 l-(3KMethylthio)propylH-(4-fluorophenyl)-5^4-pyridyl)imi 
l-[2-(4-Moipholinyl)eaiyll^(4-fluo 
l-[3-(4-Morpholinyl)propyl]^^ 

(+/-)- 1 -[3-(4-Morpholinyl)propyl]-4-(3-methylsulfinylpheny l)-5-(4-pyridyl)imidazole; 

l_[3-(N. me uhyl-N-benzyO 
25 pyridyl)imidazole; 
l-[3-(N-methyl-N4>^ 

pyridyl)imidazole; 
l-[4^MethylUiio)phenyl]^^4-fluorophenyl)-5-(4-pyridyl)imidazole; 

H4-(Methylsulfinyl)phenylM-(4-fluoro^^ 
30 l-[3-(MeUiylthio)phenyl]^(4-fluorophenylV5^4-pyridyl)irnidazole; 
(+/_). i -[3-(Methylsulfinyl)phenyl]^ 
l-[2-(Methylthio)phenylM-(4-nuoro^^ 
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!42-(Mcthylsulfinyl)phenylJ^-(4-nuorophenyl)-5-(4-pyridyl)imidazole; 

l-[4-(4-Morpholinyl)butyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-Cyclopropyl-4-(4-fluorophenyl)-5-(4-pyridyl)imida2oIe; 

l-lsopropyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazo!e; 
5 l«Cyclopropylmethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-terl-Butyl-4-(4«fluorophenyI)-5-(4>pyridyl)imidazole; 

l-(2,2-Diethoxyethyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-Fonriylmethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-Hydroxyiminylmethy]^(4-nuorophenyl)-5K4-pyridyl)imidazole; 
1 0 1 -Cyanomethyl-4-(4-fluoropheny l)-5-(4-pyridyl)imidazole; 

l-[3-(4-Moq)holinyl)propyl)^-(4-fluorophenyI)-5-(2-methylpyrid^-yl)imidazole; 

4-(4-Fluorophenyl)-l-[3^4-moipholinyl)propyl]-5-(2^hloropyridin-4-yI) imidazole; 

4- (4-Fluorophenyl)-l-[3^(4-morpholinyl)propyl]-5-(2-amino-4-pyridinyl) imidazole; 
I-(4-Carboxymethyl)propyM-(4-fluorophenyl)-5^4^pyridyI)imidazole; 

1 5 I -(4-Carboxypropyl)-^(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-(3-Carboxymethyl)elhyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-(3-Carboxy)cthyl-4-(4-fluorophenyl>5-(4-pyridyl)imidazoIe; 

1 -( 1 -Benzy lpiperidin-4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl) imidazole; 

5- (2- Aminopyrimidin-4-yI)-4-(4-fluoropheny I)- 1 -[3-(4-Morpholinyl)propy 1] imidazole; 
20 5-(2- Aminopy rimidin-4-yl)-4-(4-fluorophenyl)- 1 -( 1 -benzy lpiperidin-4-y l)imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)- 1 -(2-propyl)imidazole; 

5-(2-Aminopyrimidin^yl)^-(4-fluorophenyl)-l-(cyclopropylmethyl)imidazole; 

5-(2- Aminopyrimidin-4-y l)-4-(4-fluoropheny 1)- 1 -( 1 -carboxyethy 1-4- 
piperidinyl)imidazole; 
25 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)- 1 -(4-piperidinyl) imidazole; 

l-Methyl-4-phenyl-5-(4-pyridyl)imidazole; 

l-Methyl-4-[3-(chiorophenyl)]-5-[4-pyridinyl]imidazole; 

l-Methyl^(3~methylthiopheny])-5-(4-pyridyl)imidazole; 

(+/-)- 1 -Methyl-4-(3-methylsulfinylphenyi)-5-(4-pyridy l)imidazole; 
30 (+/-)-4-(4-Fluoropheny 1)- 1 -[3-(methylsulfiny l)propyl]-5-(4-pyridiny l)imidazole; 

4-(4-Fluorophenyl)-l-[(3-methylsulfonyl)propyl]-5-(4-pyridinyl)imidazole; 

l-(3-Phenoxypropyl)^-(4-fluorophenyl)-5-(4^pyridinyl)imidazole; 

l-{3-(Phenylthio)propyl]^(4-fluorophenyI)-5-(4-pyridinyl)iinidazoIe; 

l-[3-(4-Morpholinyl)propyl]^-(4-fluorophenyl)-5-(4^uinolyl)imida2o]e; 
35 (+/-)- 1 -(3-Phenylsu]finylpmpylH-(4-fluorophenyl)-5-(4-pyridinyl)imidazolc; 
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1 -(3-Ethoxypropyl)-4-(4-nuorophenyl>5-(4-pyridinyl)imidazole; 
l-(3-Pheny!sulfonylpropyM-(4-fluorophenyl)-5-(4-pyridinyl)imida2ole; 

l-[3-(4-Morpholinyl)propyl]-4-(3^hloro^^ 
l-[3-(4-Morpholinyl)propylM-(3/l-dic^ 
5 4-[4-(4-Fluorophenyl)-l-[3-(4-morp^ 

4- (4-Fluqrophenyl)-5-[2-(methylthio^ 

imidazole; 
(+/.)^-(4-Fluorophenyl)-5-[2-(met^ 
propyl] imidazole; 

1 0 (E)- 1 -( 1 -PropenyI)-4-(4-fluorophenyl)-5-(4-pyridiny l)imidazole; 
l-(2-Propenyl)^4-fluorophenyl)-5-(4-pyridinyl)imidazole; 

5- [(2-NJ^-Dimethylamino)p^ 

propyl]imidazole; 
l-[3-(4-Morpholinyl)propyl]-5^ 
1 5 1 -[3-(4-Morpholinyl)propyl]-5-^ "> 
HCyclopropylmethylM-(3,4^cN^ 

l-(Cycloprt>pylmethyl)^-(3-trinuoromethylphenyl)-5-(4.pyridinyl)inu 
l-(Cyclopropylmethyl)^-(4-nuorophenyl)-5-(2-methylpyrid^-yl)imidazole; 

l-[3-(4-Morpholinyl)propyl]-5-(4-pyri^^ 

20 imidazole; 

5-[4-(2-Aminopyrimidinyl)]-4-(4-fluorophenyl)-l«(2-carboxy-2,2- 

dimethylelhyl)imidazole; 
l-(l-FoiroyM-piperidinylHK4-nuorophenyl)-5-(4-pyridinyl)iira 
5-(2-Amino^-pyrimidinylH-(4-fluorophenyl)-l : (l-methyM-pipe^ 
25 l-(2,2-Dimethyl-3-morpholin^-yl)prppyl^(4-fluorophenyl)-5-(2-Amin^ 
pyrimidinyl)imidazole; 

4- (4-Fluoropheny l)-5~(4-pyridyl> 1 -(2-acetoxy ethy l)imidazole; 

5- (2-Anunopyrimidin^-yl)-4-^ 

5-(2-Aminopyrimidin^-yiH-(4-fludix)phenylVl -(2,2,6,6-tetramethylpiperidin-4- 

30 yl)imidazole; 

5-[4-(2-N-Methy lamino)pyrimidiny 1 } -4-(4-fluoropheny 1)- 1 -(4-N-methylpiperidine)- 

imidazole; 

5_[4_(2-N-Methy lamino)pyrimidinyl]-4-(4-nuorophenyl> 1 -(4-N-morpholino- 1 - 
propy l)imidazole; 

35 5-[4-(2-N-Methy lamino)pyrimidinyl } -4-(4-fluorophenyl)- 1 -(4-piperidine)imidazole; 
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5-[(2-Ethylamino)pyrimidin-4-yl]-4-(4-fluorophenyl)- 1 -( 1 -methylpiperdin-4-yl)- 
imidazole; 

4- (4-Fluorophenyl)-5-(2-(isopropy l)aminopyrimidiny-4-y 1]- 1 -( 1 -methy lpiperdin-4- 

yi)imidazo!e; 

5 5-(2-Acetamido^-pyrimidinyl)-4-(4-fluorophenyl)-l-(4-N-morpholino-l -propyl )- 
imidazole; 

5- (2-Acetamido-4-pyrimidinyl)-4-(4-nuoropheny 1)- 1 -( 1 -methyl-4-piperidinyI)- 

imidazole; 

5-[4-(2-N-Methylthio)pyrimidinyl}-4-(4-fl^ 
1 0 4-(Fluorophenyl)- 1 -(methy 1-4-piperidiny l)-5-(2-methy ilhio-4-pyrimidiny l)imidazole; 

4- (RuoropheriyI)-l-(methyl^piperidinyl)-5-(2-m 
l-tert-ButyM-(4-fluorophenyl)-5-(2-me 

5- [4-(2-Aminopyrimidinyl)]-4-(4-fluorophenyl)- 1 -(2,2,6,6-tetramethyl-4- 

piperidinyl)imidazole; 

1 5 5-[4-(2-N-Methylamno-4-pyrimidinyl)]-4-(4-fluoropheny 1)- 1 -(2,2,6,6-tetra-methy 1- 
4-piperidine)i midazole; 
5-(2-Amino-4-py rimidinyl)-4-(4-fluorophenyl)- 1 -(tetrahydro-4-thiopyranyI)- 
imidazole; 

5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(tetrahydro-4-pyranyl imidazole; 
20 5-(2-Methylainino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(2-cyanoethyl)imidazole; 
5-(2-Amino-4-pyriimdinyl)-4-(4-fluoro 
imidazole; 

5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(tetrahydro-4-sulfonylpyranyl)- 
imidazole; 

25 5-(2-Methylamino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(2,2,2-trifluoroethyl-4- 
piperidinyl)imidazole; 
5-(2- Amino-4-pyrimidiny l)-4-(4-fluorophenyl)- 1 -(trifluoroacetyl-4-piperidinyl)- 
imidazole; 

5K 4 -I^ridyl)-4-(4-fluorophenyl)- 1 -(4-piperidinyI) imidazole; 
30 5-(4-Pyridyl)-4-(4-fluorophenyl)- 1 -( 1 -t-butoxy carbony l-4-piperidinyl)imidazole; 

5-(2-amino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(4-( 1 ,3-dioxycycIopentyl)cyclohexyl) 
imidazole; 

5-(2-amino-4-pyrimidinyl)-4-(4-fluorophenyl)- 1 -(4-ketocyclohexyl)imidazo!e; 
5-(2-amino-4-pyrimidinyl)-4-(4-fluor<q>benyl)-l -(4-cyclohexyl oxime) imidazole; 
35 5-(2-axnino-4-py rimidinyl)-4-(4-fluoropheny 1)- 1 -(4-cyclohexyl hydroxy lamine) imidazole; 
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5-(2-amino-4-pyrimidinylH-(4-fluorophenyl)- 1 -(fran5-4-hydroxyurea) imidazole; 
5-(2-aniino^-pyrirnidinyl)-4-(4-fluorophenyl)- 1 -(c/.v-4-hydroxyurea) imidazole; 
5-(2-amino^-pyrimidinyl)-4-(4-fluoro^^ 

5-[4-(2-N-methylamno)pyrimidinyl]-4-(4-fluorophenyl)-i-(4-ketocyclo^^ 

5 imidazole; 

5-[4-(2-N-methy]amino)pyrimidiny l]-4-(4-fluorophenyl> 1 -(/ran.y-4-hydroxy- 

cyclohexyl)imidazole; 
5-t4-(2-N-methylamino)pyrimidinyl]-4-(4-fluorophenyl)- 1 -(c/\v -4-hydroxy- 
cyclohexyl)imidazole; 
10 5-[4-(2-N-Methylamno)pyrinudi 
cyclohexyl]imidazole; 
5-[4-(2-N-methylamino)pyrimidinyl]-4-(4-fluorophenyl)- 1 -[4-(fram--l-pyrrolidinyl)- 

cyclohexyl]imidazole; 
5-[4-(2-N-methylamino)pyrimidiny l]-4-(4-fluorophenyl)- 1 -{4-ethynyl-4-hydroxy- 
1 5 cyclohexyl)imidazole; 

5-[4-(2-N-methy lamino)pyrimidinylH-(4-nuorophenyl)- 1 -(4-( 1 -propynylM- 

hydroxycyclohexyl)imidazole; 
544<2-N-methylanuno)pyrinudiny^ 
cyclohexyl)imidazole; 

20 5-[4-(2-N-methylamino)pyrimidinyl]-4-(4-fluorophenyl)- 1 -(4-acetamido-4-methyl- 
cyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrimidiny l]-4-(4-fluoropheny 1)- 1 -(4-hydroxy-4-methyl- 

cyclohexyl)imidazole; 
5-[4-(2-N-methy lamino)pyrimidiny l]-4-(4-fluorophenyl )- 1 -(4-oxiranyl- 
25 cyclohexyi)imidazole; 

5-[4-(2-N-Methylamino)pyrimidinyl]-4-(4-nuorophenyl)- 1 -(4-cyanomethyl-4- 

hydroxycyclohexyl)imidazole; 
5-[4-(2-N-Methylamino)pyrimidinyl]~4-(4-fluorophenyl)- 1 -(4-hydroxy-4- 
hydroxymethylcyclohexly)imidazole; 
30 5-[4-(2- Amino)pyrimidinyl]-4-(4-fluoropheny 1)- 1 -[4-hydroxy-4-( 1 -propy nyl> 
cyclohexyl]imidazole; 
5-[4-(2- Amino)pyrimidiny l]-4-(4-fluoropheny 1)- L -(4-hydroxy-4-methy 1- 

cyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrimidinyl]-4-(4-fluoropheny I)- 1 -(4-hydroxy-4-isopropyl- 
35 cyclohexyl)imidazole; 
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5-[4-(2-N-melhylamino)pyrimidinyl]^ 

cyclohexyl)imidazok; 
5-[4-(2-N-methylamino)pyrimid^^ 

cyclohexyl)imidazole; 

5 5-[4-(2-N-methy lamino)pyrimidiny l)-4-(4-fluorophenyl)- 1 -(4-hydroxy-4-cyanomethyI 
cyclohexyl)imidazole; 
5-[4-(2-N-methylairuno)pyrimid^^ 

cyanoethyl)cyclohexyl)imidazole; 
5_[4-(2-N-methylamino)pyrim^ 
1 0 aminoethyl)cyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrimidiny^^^ 

cyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrintidinyl]^-(4^^^ 
cyclohexyl)imidazole; 
15 5-[4-(2-N-melhylamino)pyrimidinyl]^-(4-fluorophenyI)-l-(4-hydroxy^-amino- 
cyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrimidiny l]-4-(4-fluorophenyl)- 1 -(4-amino- 

cyclohexyl)imidazole; 
5-[4-(2-N-methyIamino)pyrimidinyl]-4-(4-fluorophenyl)- 1 -(4-hydroxy-4-thiomethyl 
20 cyclohexyl)imidazole; 

5-[4-(2-N-methylamino)pyrimidinyl]^^ 

methylcyclohexyl)imidazole; 
5-[4-(2-N-methylamino)pyrimidinyl]-4-(4-fluorophenyI)- 1 -(4-hydroxy-4-aminomethyl- 
cyclohexyl)imidazole; 
25 5-[4-(2-amino)pyrimidinyl]-4-(4-fluorophenyl)- 1 -(4-amino-4-methyl- 
cyclohexyl)imidazole; 
5-[4-(2-amino)py rimidiny l}-4-(4-fluorophenyl)- 1 -(4-hydroxy-4-methy I- 

cyclohcxyl)imidazole; n 
5-f 4*(2-amino)py rimidiny l]-4-(4-fluorophenyl)- 1 -(4-oxirany 1-cyclohexy 1 imidazole; 
30 4-(Fluorophenyl)- 1 -(nielhyl-4-piperidinyl)-5-(2-methysuiriny 1-4-pyrimidiny 1)- 
imidazole; 

4- (Fluorophenyl)-l-(methyl-4-piperidinyl)-5-(2-methylthio-4- 

pyrimidinyl)imidazole; 

5- [(2-Benzylamino)pyrimidin^-yl]^-(4-fluorophenyl)-l-(l-methyipiperdi 
35 yl)imidazole; 
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4-(4-Fluorophenyl)- 1 -( 1 -methylpiperdin-4-yl)-5-[2-(4-telrahydrothio- 
pyranyi)aminopyrimidin-4-yl]imida2ole; 

4- (4-Fluorophenyl)-5-[(2-hydroxy)ethy lamino]pyrimidiny-4-yl- 1 -( 1 -methyl-piperdin- 

4-yl)imidazole; 

5- [(2-(3-Chlorobenzylamino)pyrinudin-4-yl]-4-(4-fluorophenyl)- l-( 1 -methyl-iperdin- 

4-yl)imidazo!e; 

5-[(2-( 1 -Naphthylmethy lamino)pyrimidin-4-yl]-4-(4-nuorophenyl)- l-(l- 

methylpiperdin-4-yl)imidazole; 
5-[(2-( 1 -Benzyl-4-piperidinylamino)pyrimidin-4-y l]-4-(4-fluoropheny !)- 1 -( 1 - 

methylpiperdin-4-yl)imidazole; 

4- (4-Fluorophenyl)- 1 -( 1 -methy Ipiperdin-4-yl)-5-l2-[3-(morpholino)propyl]- 

aminopyrimidiny-4-yl]imidazole; 

5- [2[(3-Bromophenyl)amino]pyrimidm^ 

4-yl)imidazole; 

5-[(2(Piperonylamino)pyrimidin-4-yl]-4-(4-fluorophenyi)- 1 -( i -methylpiperdin-4- 
yl)imidazole; 

5.[(2-(4-Piperdinylamino)pyrimidin-4-yl]-4-(4-fluorophenyl)- 1 -( 1 -methylpiperdin-4- 
yl)imidazole; 

5^(2-(5-Chlorotiyptamino)pyrimidin-4-yl]-4-(4-fluorophenyl)- 1-( I -methylpiperdin- 

4-yl)imidazole; 
5-[(2-(2,2,6,6-tetramethylpiperidin-4^ 

( 1 -methy lpiperdin-4-y l)imidazole; 
5-[(2-[( 1 -Ethoxycarbonyl)piperdin^ 

( 1 -methy lpiperdin-4-yl)imidazole; 
l-(4-Oxocyclohexyl)-4-(4-nuorophenyl)-5-[(2-m^ 

cis - 1 -(4-Hydroxycyclohexyl)-4-(4-fluoropheny l)-5-[(2-methoxy )pyrimidin-4- 

yl] imidazole; 
fran j-l-(4-Hydroxycyclohexyl)-4-(^ 

yl]imidazole; 

]-(4-OxocyclohexylHK4-fluorophenyl)-5-[(2-methylthio)pyrimidin-4-yl] imidazole; 
/ron5-l-(4-Hydroxycyclohexyl)-4-(4-fluorophenyl)-5-[(2-methylthio)pyrimidin 
imidazole; 

l-(4-OxocyclohexylH-(4-fluorophenyl)-5-[(2-hydroxy)pyrimidin-4-yl] imidazole; 
l-(4-Oxocyclohexyl)-4-(4-fluorophenyl)-5-[(2-isopro^ 

l-(4-Hydroxycyclohexyl)-4-(4-fluorophenyl)-5-[(2-isopropoxy)pyrimidin-4-yl]imidazole; 
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fran5-]K4-Hydroxy-4<methylcycIohexy!)^-(4-{luorophenyl)-5-[(2-methoxy) 

pyrimidin-4-yl]imidazole; 
c/5- 1 -(4-Hydroxy^-methy^ 

4-yl]imidazole; 

5 trans- 1 -(4-Hydroxycyclohexyl)-4-(4-fluoropheny l)-5-[(2-ethoxy)pyrimidine-4- 
yl]imidazole; 
l-(4-Piperidinyl)-4-(4-fluorophenyl)-5^^ 

l-(4-piperidinylH-(4-fluorophenyl)-5-(2-phenoxy^pyridinyl)irnidazoIe; 

l-(4-piperidinylM-(4-fluorophenyl)-5-[2-^ 
10 l-(4«piperidinyl)-4-(4-fluorophe^ 

l-(Piperidin^-ylH-(4-fluorophenyl)-5-[2-(4-methoxyphenoxy)pyrinwdin^- 
yl]imidazole; 

l-(Piperidin^-yl)^4-fluorophenyl)-5-[2-(^ 

l-(Piperidin-4-yl)-4^4-fluorophenyl)-5-[2-(4-^ 
15 imidazole; 

l-(Piperi<ttn^-ylM-(4-fluoropheny])-5-[2-(4^ 

l-(Piperidin^-yl)^-(4-fluorophenyl)-5-[2-(4-benzyloxyphenoxy)pyrimidin-^yl]- 
imidazole; 

l-(Piperidin^-yl)-4-(4-fluorophenyl)-5-[2^ 
20 l-(Piperidin-4-ylH-(4-fluorophenyl)-5-[2-(4-hydioxyphenoxy)pyrim 

l-(4-Hydix>xycyclohexyl)^(4-fluorophenyl)-5-[2-(phenoxy)pyrimidin^-yl]imidazole; 

l-(Piperidin^-yI)-4-(4-fluorophenyl)^ 

l-(Piperidin^yl)^-(4-fluorophenyl)-5-[2-(4-me^ 

l-(Piperidin^ylM-(4-fluorophenyl)-5-[2-(4<hto 
25 l-[3-(N-Morpholino)propyl]^-(4-fluorophenyl)-5-[2Kphenoxy)pyrimidin-4- 
yljimidazole; 

l^Piperidin-4-yl>^-(4-fluorophenyl)-5-[2-(3-melhoxyphenoxy)pyrimidin-4- 
yljimidazole; 

HPiperidin^yl}^(4-fluorophenyl)-5-[2K4-pheny^ 
30 l<Piperidin^-yl)^4-fluorophenyl)-5-[2-(4-phenoxypherioxy)pyrimidin-4- 
yl]imidazole; 
l-(Piperidin^yI)^(4-fluorophenyl)-5-[2-(3-hyd^ 

l-(3-(N-Morpholino)propylH-(4-fluorophenyl)-5-[2-(4-fluorophenoxy)pyrimdin-4- 
yljimidazole; 

35 l-(Piperidin^-yl)^(4-fluorophenyl)-5-[2-(2-hydroxy^^ 
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l-(Piperidin^-ylM-(4-fluorophenyl)^ 
yl]imidazole; 

I-(Piperidin^-y]H-(4-fluorophenyl)-5-[2-(3-fluorophenoxy)pyrimidin 
l-(fiperidin^-ylM-(4-fluorophenyO 

l-(Piperidin-4-yl)-4-(4-fluorophenyl)-5-[2-(2-methoxyphenoxy)pyrimidin-4- 
yl]imidazole; 

l-(Piperidin^-yIH-(4-nuorophenyl)-5 : [2-(3-trinuoromelhylphenoxy)pyri 
yl]imidazole; 

l-(Piperidin-4-ylH-(4-nuorophenylV5-[2-(3,4-dinuorophenoxy)pyrimidin.4- 

yljimidazole; 
HPiperidin^-ylH-(4-fluorophenyl)-5^ 

yl]imidazole; l-(4-Piperidinyl)-^(4-fluorophenyl)-5-(2-thiophenoxypyrimidin-4- 

yl)imidazole; 

l-(4-PiperidinylM-(4-nuorophenyl^ 
yl]imidazole; 

5-[2-(2-Hydroxyethoxy)pyrimidin^yl]^K4-fluorophenyl)-l-(4>oxocyclohexyl)- 
imidazole; 

5-[2-(2-Hydroxyethoxy)]pyrirnidin-4-yl)-4-(4-fluorophenyl)- 1 -(4-hydroxy cyclohexyl)- 

imidazole; 
5-[2-(2-/ert-Butylamino)e^ 
imidazole; 

5-[2-(2-rer/-Butylamino)ethoxypyrimidin-4-y I]-4-(4-fluorophenyl)- 1 (4-hydroxy- 

cyclohexyl)imidazole; 
1 -(4-PiperidinylH-(4-Flouit)phenyl)-5-(2-isopropoxy^-pyriniidinyl) imidazole; 
1 -(4-Piperidinyl)^(4-Huorophenyl)-5-(2-methoxy-4-pyrimidinyl) imidazole; 
5^2-Hydroxy^-pyrimidinyl)^(4-fluoropte^ 

5-(2-Methoxy-4-pyridinylH-(4-fl«orophenyl)- 1 -(4-piperidiny l)imidazole; 
5-(2-wo-Propoxy-4-pyridinylH-(^-fluoropheny 1) - 1 -(4-piperidinyl)imidazole; 
5^2-Methyllhior4-pyrimidinylH-(4-fluorophenyl]i- 1 -(4-piperidiny l)imidazole; 
5-(2-Methylthio^-pyrimidinyl)^-(4-nuorophenyl)-l-[(l-methyl^ 

piperidinyl]imidazole; 
5-(2-Ethoxy-4-pyrimidiny l)-4-(4-fluoropheny 1)- 1 -(4-piperidiny l)imidazole; 1 -( 1 - 
Ethylcarboxylpiperidin^-yl>3-(4-thiomelhylphenyl)-5-[2-(thiomelhyl)- 

pyrimidin-4-yl]-imidazole; 
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1 -( 1 -Ethylcaibony]piperidine-4«yl)-4"(4-methy lsulfinylphenyl)-5-[2-methylsulfinyl- 

pyrimidin-4-ylJ imidazole; 
or pharmaceutically acceptable salts thereof. 

5 METHODS OF TREATMENT 

The compounds of Formula (I) or a pharmaceutically acceptable salt thereof can 
be used in the manufacture of a medicament for the prophylactic or therapeutic treatment 
of any disease state in a human, or other mammal, which is exacerbated or caused by a 
neurotramatic event, such as closed head injuries. 

10 

Compounds of Formula (I) are capable of inhibiting proinflammatory cytokines, 
such as IL-1, IL-6, IL-8 and TNF and are therefore of use in therapy. IL-1, IL-6, IL-8 
and TNF affect a wide variety of cells and tissues and these cytokines, as well as other 
leukocyte-derived cytokines, are important and critical inflammatory mediators of a wide 
15 variety of disease states and conditions. The inhibition of these pro-inflammatory 

cytokines is of benefit in controlling, reducing and alleviating many of these disease states. 

Accordingly, the present invention provides for method of treating a 
neurotraumatic disease, in a mammal in need thereof, which comprises administering to 
20 said mammal an effective amount of a CS AID™ cytokine suppresive compound, wherein 
the compound is an inhibitor of CSBP/p38/RK kinase. Preferably, the cytokine inhibitor 
is a compound of Formula (I), or a pharmaceutically acceptable salt thereof. 

The discovery that the compounds of Formula (I) are inhibitors of cytokines, 
25 specifically IL- 1 , IL-6, EL-8 and TNF, and CNSP/p38 is based upon the effects of the 

compounds of Formulas (I) on the production of the IL-1, DL-8 and TNF in in vitro assays 
which are described herein, or based upon the kinase or binding assay for CBSP as also . 
described herein. 

30 As used herein, the term "inhibiting the production of IL- 1 (IL-6, IL-8 or TNF)" 

refers to: 

a) a decrease of excessive in vivo levels of the cytokine (IL-1, IL-6, IL-8 or TNF) 
in a human to normal or sub-normal levels by inhibition of the in vivo release of the 
cytokine by all cells, including but not limited to monocytes or macrophages; 
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b) a down regulation, at the genomic level, of excessive in vivo levels of the 
cytokine (IL-1, IL-6, IL-8 orTNF) in a human to normal or sub-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine (DL- 1 , 
IL-6, IL-8 or TNF) as a postradiational event; or 

5 d) a down regulation, at the translational level, of excessive in vivo levels of the 

cytokine (IL-1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels. 

As used herein, the term "cytokine interfering" or "cytokine suppressive amount" 
refers to an effective amount of a compound of Formula (I) which will cause a decrease in 
10 the in vivo levels of the cytokine to normal or sub-normal levels, when given to a patient 
for the prophylaxis or treatment of a disease state which is exacerbated by, or caused by, 
excessive or unregulated cytokine production. 

A new member of the MAP kinase family, alternatively termed CSBP, p38, or RK, 
15 has been identified, See Lee et a/., Nature, Vol. 300 n(72), 739-746 (1994). Activation of 
this novel protein kinase via dual phosphorylation has been observed in different cell 
systems upon stimulation by a wide spectrum of stimuli, such as physicochemical stress 
and treatment with lipopoly saccharide or proinflammatory cytokines such as interleukin-1 
and tumor necrosis factor. The cytokine biosynthesis inhibitors, of the present invention, 
20 compounds of Formula (I), have been determined to be potent and selective inhibitors of 
CSBP/p38/RK kinase activity. These inhibitors are of aid in determining the signaling 
pathways involvement in inflammatory responses. 

In order to use a compound of Formula (I) or a pharmaceutically acceptable salt 
25 thereof in therapy, it will normally be Formulated into a pharmaceutical composition in 
accordance with standard pharmaceutical practice. This invention, therefore, also relates 
to a pharmaceutical composition comprising an effective, non-toxic amount of a 
compound of Formula (I) and a pharmaceutically acceptable carrier or diluent. 

Compounds of Formula (I), pharmaceutically acceptable salts thereof and 
30 pharmaceutical compositions incorporating such may conveniently be administered by any 
of the routes conventionally used for drug administration, for instance, orally, topically, 
parenterally or by inhalation. The compounds of Formula (I) may be administered in 
conventional dosage forms prepared by combining a compound of Formula (I) with 
standard pharmaceutical carriers according to conventional procedures. The compounds 
35 of Formula (I) may also be administered in conventional dosages in combination with a 
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known, second therapeutically active compound. These procedures may involve mixing, 
granulating and compressing or dissolving the ingredients as appropriate to the desired 
preparation. It will be appreciated that the form and character of the pharmaceutical ly 
acceptable character or diluent is dictated by the amount of active ingredient with which it 

5 is to be combined, the route of administration and other well-known variables. The 

carrier(s) must be "acceptable" in the sense of being compatible with the other ingredients 
of the Formulation and not deleterious to the recipient thereof. 

The pharmaceutical carrier employed may be, for example, either a solid or liquid. 
Exemplary of solid carriers are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, 

10 acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid carriers are 

syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or diluent may include 
time delay material well known to the art, such as glyceryl mono-stearate or glyceryl 
distearate alone or with a wax. 

A wide variety of pharmaceutical forms can be employed. Thus, if a solid carrier 

15 is used, the preparation can be tableted, placed in a hard gelatin capsule in powder or 
pellet form or in the form of a troche or lozenge. The amount of solid carrier will vary 
widely but preferably will be from about 25mg. to about lg. When a liquid carrier is used, 
the preparation will be in the form of a syrup, emulsion, soft gelatin capsule, sterile 
injectable liquid such as an ampule or nonaqueous liquid suspension. 

20 Compounds of Formula (I) may be administered topically, that is by non-systemic 

administration. This includes the application of a compound of Formula (I) externally to 
the epidermis or the buccal cavity and the instillation of such a compound into the ear, eye 
and nose, such that the compound does not significantly enter the blood stream. In 
contrast, systemic administration refers to oral, intravenous, intraperitoneal and 

25 intramuscular administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflammation such as 
liniments, lotions, creams, ointments or pastes, and drops suitable for administration to the 
eye, ear or nose. The active ingredient may comprise, for topical administration, from 

30 0.001 % to 10% w/w, for instance from 1 % to 2% by weight of the Formulation. It may 
however comprise as much as 10% w/w but preferably will comprise less than 5% w/w, 
more preferably from 0.1% to 1% w/w of the Formulation. 

Lotions according to the present invention include those suitable for application to 
the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 

35 containing a bactericide and may be prepared by methods similar to those for the 
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preparation of drops. Lotions or liniments for application to the skin may also include an 
agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

Creams, ointments or pastes according to the present invention are semi-solid 

5 Formulations of the active ingredient for external application. They may be made by 
mixing the active ingredient in finely-divided or powdered form, alone or in solution or 
suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, with a 
greasy or non-greasy base. The base may comprise hydrocarbons such as hard, soft or 
liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural origin such 

10 as almond, com, arachis, castor or olive oil; wool fat or its derivatives or a fatty acid such 
as steric or oleic acid together with an alcohol such as propylene glycol or a macrogel. 
The Formulation may incorporate any suitable surface active agent such as an anionic, 
cationic or non-ionic surfactant such as a sorbitan ester or a polyoxyethylene derivative 
thereof. Suspending agents such as natural gums, cellulose derivatives or inorganic 

1 5 materials such as silicaceous silicas, and other ingredients such as lanolin, may also be 
included. 

Drops according to the present invention may comprise sterile aqueous or oily 
solutions or suspensions and may be prepared by dissolving the active ingredient in a 
suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any other 
20 suitable preservative, and preferably including a surface active agent. The resulting 

solution may then be clarified by filtration, transferred to a suitable container which is then 
sealed and sterilized by autoclaving or maintaining at 98-100° C. for half an hour. 
Alternatively, the solution may be sterilized by filtration and transferred to the container 
by an aseptic technique. Examples of bactericidal and fungicidal agents suitable for 
25 inclusion in the drops are phenylmercuric nitrate or acetate (0.002%), benzalkonium 

chloride (0.01%) and chlorhexidine acetate (0.01%). Suitable solvents for the preparation 
of an oily solution include glycerol, diluted alcohol and propylene glycol. 

Compounds of Formula (1) may be administered parenterally, that is by 
intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or 
30 intraperitoneal administration. The subcutaneous and intramuscular forms of parenteral 
administration are generally preferred. Appropriate dosage forms for such administration 
may be prepared by conventional techniques. Compounds of Formula (I) may also be 
administered by inhalation, that is by intranasal and oral inhalation administration. 
Appropriate dosage forms for such administration, such as an aerosol Formulation or a 
35 metered dose inhaler, may be prepared by conventional techniques. 
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For all methods of use disclosed herein for the compounds of Formula (I), the 
daily oral dosage regimen will preferably be from about 0.1 to about 80 mg/kg of total 
body weight, preferably from about 0.2 to 30 mg/kg, more preferably from about 0.5 mg 

5 to 1 5mg. The daily parenteral dosage regimen about 0. 1 to about 80 mg/kg of total body 
weight, preferably from about 0.2 to about 30 mg/kg, and more preferably from about 0.5 
mg to 15mg/kg. The daily topical dosage regimen will preferably be from 0.1 mg to 150 
mg, administered one to four, preferably two or three times daily. The daily inhalation 
dosage regimen will preferably be from about 0.01 mg/kg to about 1 mg/kg per day. It 

10 will also be recognized by one of skill in the art that the optimal quantity and spacing of 
individual dosages of a compound of Formula (I) or a pharmaceutical^ acceptable salt 
thereof will be determined by the nature and extent of the condition being treated, the 
form, route and site of administration, and the particular patient being treated, and that 
such optimums can be determined by conventional techniques. It will also be appreciated 

1 5 by one of skill in the art that the optimal course of treatment, i.e., the number of doses of 
a compound of Formula (I) or a pharmaceutical^ acceptable salt thereof given per day for 
a defined number of days, can be ascertained by those skilled in the art using conventional 
course of treatment determination tests. 

20 The invention will now be described by reference to the following biological 

examples which are merely illustrative and are not to be construed as a limitation of the 
scope of the present invention. 

BIOLOGICAL EXAMPLES 

25 The cytokine-inhibiting effects of compounds of the present invention were 

determined by the following in vitro assays: 
Interleukin - 1 (IL-1) 

Human peripheral blood monocytes were isolated and purified from either fresh 
blood preparations from volunteer donors, or from blood bank buffy coats, according to 

30 the procedure of Colotta et aU J Immunol, 132, 936 ( 1 984). These monocytes ( 1 x 1 0 6 ) 
were plated in 24-welI plates at a concentration of 1-2 million/ml per well. The cells were 
allowed to adhere for 2 hours, after which time non-adherent cells were removed by 
gentle washing. Test compounds were then added to the cells for Ih before the addition 
of lipopolysaccharide (50 ng/ml), and the cultures were incubated at 37°C for an 

35 additional 24h. At the end of this period, culture super-natants were removed and 



-27- 



WO 97/35856 



PCT7US97/05820 



clarified of cells and all debris. Culture supernalants were then immediately assayed for 
IL-1 biological activity, either by the method of Simon et a/., J. Immunol. Methods, 84, 
85, (1985) (based on ability of IL-1 to stimulate a Interieukin 2 producing cell line (EL-4) 
to secrete IL-2, in concert with A23187 ionophore) or the method of Lee et a/., J. 
ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). While not all compounds of Formula 
(I) have been shown tested, many of the exemplified compound have been shown to be 
inhibitors of in vitro IL- 1 produced by human monocytes. 

Tumour Necrosis Factor (TNF): 

Human peripheral blood monocytes were isolated and purified from either blood 
bank buffy coats or plateletpheresis residues, according to the procedure of Colotta, R. et 
al y J Immunol, 132(2), 936 (1984). The monocytes were plated at a density of lxlO 6 
cells/ml medium/well in 24-well multi-dishes. The cells were allowed to adhere for I hour 
after which time the supernatant was aspirated and fresh medium (lml, RPMI-1640, 
Whitaker Biomedical Products, Whitaker, CA) containing 1% fetal calf serum plus 
penicillin and streptomycin (10 units/ml) added. The cells were incubated for 45 minutes 
in the presence or absence of a test compound at InM-lOmM dose ranges (compounds 
were solubilized in dimethyl sulfoxide/ethanol, such that the final solvent concentration in 
the culture medium was 0.5% dimethyl sulfoxide/0.5% ethanol). Bacterial lipopoly- 
saccharide (£. coli 055:B5 [LPS] from Sigma Chemicals Co.) was then added (100 ng/ml 
in 10 ml phosphate buffered saline) and cultures incubated for 16-18 hours at 37°C in a 
5% CO2 incubator. At the end of the incubation period, culture supernatants were 
removed from the cells, centrifuged at 3000 rpm to remove cell debris. The supernatant 
was then assayed for TNF activity using either a radio-immuno or an ELISA assay, as 
described in WO 92/10190 and by Becker et al y J Immunol, 1991, 147, 4307. The 
compounds of Formula (1) have been shown to be inhibitors of in vitro TNF produced by 
human monocytes. 

IL-1 and TNF inhibitory activity, does not seem to correlate with the property of 
the compounds of Formula (I) in mediating arachidonic acid metabolism inhibition. 
Further the ability to inhibit production of prostaglandin and/or leukotriene synthesis, by 
nonsteroidal anti-inflammatory drugs with potent cyclooxygenase and/or lipoxygenase 
inhibitory activity does not mean that the compound will necessarily also inhibit TNF or 
EL-1 production, at non-toxic doses. 
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Interleukin -8 (IL-8 ): 

Primary human umbilical cord endothelial cells (HUVEC) (Cell Systems, Kirland, 
Wa) are maintained in culture medium supplemented with J 5% fetal bovine serum and 1% 
CS-HBGF consisting of aFGF and heparin. The cells are then diluted 20-fold before 

5 being plated (250|il) into gelating coated 96-well plates. Prior to use, culture medium are 
replaced with fresh medium (200pl). Buffer or test compound (25pl, at concentrations 
between 1 and IOjiM) is then added to each well in quadruplicate wells and the plates 
incubated for 6h in a humidified incubator at 37°C in an atmosphere of 5% C02- At the 
end of the incubation period, supernatant is removed and assayed for IL-8 concentration 

10 using an IL-8 ELISA kit obtained from R&D Systems (Minneapolis, MN). All data is 
presented as mean value (ng/ml) of multiple samples based on the standard curve. ICso's 
where appropriate are generated by non-linear regression analysis. 

Cytokine Specific Binding Protein Assay 

15 A radiocompetitive binding assay was developed to provide a highly reproducible 

primary screen for structure-activity studies. This assay provides many advantages over the 
conventional bioassays which utilize freshly isolated human monocytes as a source of 
cytokines and ELISA assays to quantify them. Besides being a much more facile assay, the 
binding assay has been extensively validated to highly correlate with the results of the 

20 bioassay. A specific and reproducible cytokine inhibitor binding assay was developed using 
soluble cystosolic fraction from THP.l cells and a radiolabeled compound. Patent 
Application USSN 08/123175 Lee et al. t filed September 1993, USSN; Lee et aL, PCT 
94/10529 filed 16 September 1994 and Lee et al., Nature 300, n(72), 739-746 (Dec. 1994) 
whose disclosures are incorporated by reference herein in its entirety describes the above 

25 noted method for screening drugs to identify compounds which interact with and bind to the 
cytokine specific binding protein (hereinafter CSBP). However, for purposes herein the 
binding protein may be in isolated form in solution, or in immobilized form, or may be 
genetically engineered to be expressed on the surface of recombinant host cells such as in 
phage display system or as fusion proteins. Alternatively, whole cells or cytosolic fractibns 

30 comprising the CSBP may be employed in the creening protocol. Regardless of the form of 
the binding protein, a plurality of compounds are contacted with the binding protein under 
conditions sufficient to form a compound/ binding protein complex and compound capable 
of forming, enhancing or interfering with said complexes are detected. 

All exemplified compounds of Formula (I) have been shown as active, having an 

35 IC50< 50uM in this assay. 
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CSBP KINASE ASSAY: 

This assay measures the CSBP-catalyzed transfer of 32 P from [a- 32 P]ATP to 
threonine residue in an epidermal growth factor receptor (EGFR)-derived peptide 
5 (T669) with the following sequence: KRELVEPL7TSGEAPNQALLR (residues 66 1 - 
681 ). (See Gallagher et al., "Regulation of Stress Induced Cytokine Production by 
Pyridinyl Imidazoles: Inhibition of CSPB Kinase", BioOrganic & Medicinal Chemistry, 
to be published 1996). 

Kinase reactions (total volume 30 ul) contain: 25 mM Hepes buffer, pH 7.5; 
10 10 mM MgCl2; 170 uM ATP( 1 ); 10 uM Na ortho vanadate; 0.4 mM T669 peptide; 
and 20-80 ng of yeast-expressed purified CSBP2 (see Lee et al., Nature 300, n(72), 
739-746 (Dec. 1994)). Compounds (5 ul from [6X] stock( 2 )) are pre-incubated with 
the enzyme and peptide for 20 min on ice prior to starting the reactions with 
32P/MgATP. Reactions are incubated at 30 °C for 10 min and stopped by adding 10 
15 ul of 0.3 M phosphoric acid. 32P-labeled peptide is separated on phosphocellulose 
(Wattman, p81) filters by spotting 30 ul reaction mixture. Filters are washed 3 times 
with 75 mM phosphoric acid followed by 2 washes with H2O, and counted for 32P. 

0) The Km of CSBP for ATP was determined to be 170 uM. Therefore, 
compounds screened at the Km value of ATP. 
20 ( 2 ) Compounds are usually dissolved in DMSO and are diluted in 25 mM 

Hepes buffer to get final concentration of DMSO of 0. 1 7%. 

A number of the exemplified compounds of Formula (I) specifically noted herein 
have been shown to be active in this assay. 

25 TNF-q in Traumatic Br ain In jury Assay 

The present assay provides for examination of the expression of tumor necrosis 
faxtor mRN A in specfic brain regions which follow experimentally induced lateral fluid- 
percussion traumatic brain injury (TBI) in rats. Adult Sprague-Dawley rats (n=42) were 
anesthetized with sodium pentobarbital (60 mg/kg, hp.) and subjected to lateral fluid- 

30 percussion brain injury of moderate severity (2.4 atm.) centered over the left 

temporaparietal cortex (n=18), or "sham" treatment (anesthesia and surgery without injury, 
n=18). Animals were sacrificed by decapitation at 1, 6 and 24 hr. post injury, brains 
removed, and tissue samples of left (injured) parietal cortex (LC), corresponding area in the 
contralateral right cortex (RC), cortex adjacent to injured parietal cortex (LA), 

35 corresponding adjacent area in the right cortex (RA), left hippocampus (LH) and right 
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hippocampus (RH) were prepared. Total RNA was isolated and Northern blot 
hybridization was performed and quantitated relative to an TNF-ct positive control RNA 
(macrophage = 100%). A marked increase of TNF-a mRNA expression was observed in 
LH (104±17% of positive control, p < 0.05 compared with sham), LC (105±21%, p< 0.05) 

5 and LA (69±8%, p < 0.01) in the traumatized hemisphere 1 hr. following injury. An 
increased TNF-a mRNA expression was aJso observed in LH (46±8%, p < 0.05), LC 
(30±3%, p < 0.01) and LA (32±3%, p < 0.01) at 6 hr. which resolved by 24 hr. following 
injury. In the contralateral hemisphere, expression of TNF-a mRNA was increased in RH 
(46±2%, p < 0.01), RC (4±3%) and RA (22±8%) at 1 hr. and in RH (28±1 1%), RC (7±5%) 

10 and RA (26±6%, p < 0.05) at 6 hr. but not at 24 hr. following injury. In sham (surgery 

without injury) or naive animals, no consistent changes in expression of TNF-a mRNA was 
observed in any of the 6 brain areas in either hemisphere at any times. These results indicate 
that following parasagittal fluid-percussion brain injury, the temporal expression of TNF-a 
mRNA is altered in specific brain regions, including those of the non-traumatized 

15 hemisphere. Since TNF-a is able to induce nerve growth factor (NGF) and stimulate the 
release of other cytokines from activated astrocytes, this post-traumatic alteration in gene 
expression of TNF-a plays an important role in both the acute and regenerative response to 
CNS trauma. 

20 CNS Injury model for IL-ft mRNA 

This assay characterizes the regional expression of interleukin-lB (EL-IB) mRNA in 
specific brain regions following experimental lateral fluid-percussion traumatic brain injury 
(TBI) in rats. Adult Sprague-Dawley rats (n=42) were anesthetized with sodium 
pentobarbital (60 mg/kg, i.p.) and subjected to lateral fluid-percussion brain injury of 

25 moderate severity (2.4 atm.) centered over the left temporaparietal cortex (n=18), or 

"sham" treatment (anesthesia and surgery without injury). Animals were sacrificed at 1 , 6 
and 24 hr. post injury, brains removed, and tissue samples of left (injured) parietal cortex 
(LC), corresponding area in the contralateral right cortex (RC), cortex adjacent to injured 
parietal cortex (LA), corresponding adjacent area; in the right cortex (RA), left hippocampus 

30 (LH) and right hippocampus (RH) were prepared. Total RNA was isolated and Northern 
blot hybridization was performed and the quantity of brain tissue IL-1 B mRNA is presented 
as percent relative radioactivity of IL-16 positive macrophage RNA which was loaded on 
same gel. At 1 hr. following brain injury, a marked and significant increase in expression of 
IL-1B mRNA was observed in LC (20.0±0.7% of positive control, n=6, p < 0.05 compared 

35 with sham animal), LH (24.5±0.9%, p < 0.05) and LA (2 1.5±3. 1 %, p < 0.05) in the injured 
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hemisphere, which remained elevated up to 6 hr. post injury in the LC (4.0±0.4%, n=6, 
p < 0.05) and LH (5.0±1.3%, p < 0.05). In sham or naive animals; no expression of IL-lfi 
mRNA was observed in any of the respective brain areas. These results indicate that 
following TBI, the temporal expression of EL- IB mRNA is regionally stimulated in specific 
5 brain regions. These regional changes in cytokines, such as IL-1B play a role in the post- 
traumatic pathologic or regenerative sequelae of brain injury. 

All publications, including but not limited to patents and patent applications, 
cited in this specification are herein incorporated by reference as if each individual 
10 publication were specifically and individually indicated to be incorporated by reference 
herein as though fully set forth. 

The above description fully discloses the invention including preferred 
embodiments thereof. Modifications and improvements of the embodiments specifically 
disclosed herein are within the scope of the following claims. Without further elaboration, 
15 it is believed that one skilled in the are can, using the preceding description, utilize the 
present invention to its fullest extent. Therefore the Examples herein are to be construed 
as merely illustrative and not a limitation of the scope of the present invention in any way. 
The embodiments of the invention in which an exclusive property or privilege is claimed 
are defined as follows. 
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What is Claimed is: 

1 . A method of treating a CNS injury to the brain, in a mammal in need of such 
treatment, which method comprises administering to said mammal an effective amount of a 

5 cytokine suppresive binding protein compound which inhibits the CSBP/p38/RK kinase 
pathway. 

2. The method according to Claim 1 wherein the CNS injury is ischemic stroke. 

10 3. The method according to Claim 2 wherein the CNS injury is caused by surgery, or 
is an open head injury. 

4. The method according to Claim I wherein the CNS injury is a closed head injury. 

15 5. The method according to Claim 1 wherein the compound is a compound of the 
Formula: 




wherein: 

Rj is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, quinazolin-4-yl, 1-imidazolyl or 
20 1-benzimidazolyl, which heteroaryl ring is optionally substituted independently one to 

three times with Y, NHR a , optionally substituted Ci-4 alky], halogen, hydroxyl, 
optionally substituted C i .4 alkoxy, optionally substituted C 1 -4 alky lthio, C 1 -4 
alkylsulfinyl, CH2OR12, amino, mono and di- Ci-6 alkyl substituted amino, or 
N(Rl0)C(O)Rb; 
25 YisXi-Ra; 

X j is oxygen or sulfur; 

R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally substituted by 
one or two substituents, each of which is independently selected, and which, for a 4- 
phenyl, 4-naphth-l-yl, 5-naphth-2-yl or 6-naphth-2-yl substituent, is halogen, cyano, 
30 nitro, -C(Z)NR7Rn, -C(Z)ORi6, -(CRioR20)vCORi2, -SRs, -SOR5, -OR12, halo- 
substituted-Ci-4 alkyl. Q-4 alkyl, -ZC(Z)Ri2, -NRioC(Z)Ri6> or 
-(CRioR20)vNRiqR20 and which, for other positions of substitution, is halogen. 
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cyano, -C(Z)NRi3Rl4. -C(Z)OR3, -(CR]0R20)m M COR3. -S(0) m R3> OR3. halo- 
substituted~Ci-4 alkyl. -Cm alkyl, -(CRioR20)m"NRloC(Z)R3, -NRioS(0) m 'R8. 
-NRi()S(0)rn'NR7Rl7, -ZC(Z)R3 or -(CRioR20)m"NRl3Rl4; 

v is 0, or an integer having a value of 1 or 2; 
5 m is 0, or the integer 1 or 2; 

nY is an integer having a value of 1 or 2, 

m" is 0, or an integer having a value of 1 to 5; 

R2 is C]-io alkyl N3, -(CRioR20)n' OR9, heterocyclyl, heterocyclic i- 10 alkyl, 
Ci-ioalkyl, halo-substituted Ci- 10 alkyl, C2-10 alkenyl, C2-10 alkynyl, C3.7 
10 cycloalkyl, C3-7cycloalkylCi- io alkyl, C5-7 cycloalkenyl, C5-7 cycloalkenyl 

Ci-ioalkyl, aryl, arylCMO alkyl, heteroaryl, heteroarylCi-loalkyl, (CRioR20)nORl 1, 
(CRi0R20)nS(O)mRl8, (CRl0R20)nNHS(O)2Rl8> (CRl()R20)nNRl3Rl4, 
(CRioR20)nN02, (CRloR20)nCN, (CRioR20)n'S02Rl8. 
(CR]0R20)nS(O)m , NRi3Rl4, (CRioR20)nC(Z)Ri 1, (CRioR20)nOC(Z)Ri 1, 
15 (CRi0R20)nC(Z)ORi 1, (CRl0R2O)nC(Z)NRi3Ri 4 , (CRl0R20)nC(Z)NRnOR9, 

(CRlQR20)nNRl0C(Z)Rl l, (CRl0R20)nNRl0C(Z)NRl3Rl4, 
(CRl0R20)nN(OR6)C(Z)NRi3Rl4, (CRioR20)nN(OR6)C(Z)Ri 1, 
(CRioR20)nC(=NOR6)Rl 1, (CRioR20)nNRloC(=NRi9)NRi3Rl4, 
(CRl0R20)nOC(Z)NRi3Rl4, (CRloR20)nNRioC(Z)NRi3Rl4> 
20 (CRl0R20)nNRl0C(Z)ORi0, 5-(Ri 8 H,2,4-oxadizaol-3-yl or 4-(Ri 2 )-5-(Ri 8 Ri9)-4,5- 
dihydro-i,2,4-oxadiazol-3-yl; wherein the cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be optionally 
substituted; 
n is an integer having a value of 1 to 10; 
25 n' is 0, or an integer having a value of 1 to 10; 
Z is oxygen or sulfur; 

R a is Ci-6alkyl, aryl, arylCi-6alkyl, heterocyclic, heterocyclylCi-6 alkyl, heteroaryl, or 

heteroarylCi-6alkyl, wherein each of these moieties may be optionally substituted; 
Rb is hydrogen, Ci-6 alkyl, C3.7 cycloalkyl, aryl, arylCi-4 alkyl, heteroaryl, heteroarylCl- 
30 4alkyl, heterocyclyl, or heterocyclic 1-4 alkyl; 
R3 is heterocyclyl, heterocyclylCi-io alkyl or Rs; 

R5 is hydrogen, Ci-4 alkyl, C2-4 alkenyl, C2-4 alkynyl or NR7R17, excluding the moieties 

-SR5 being -SNR7R17 and -SOR5 being -SOH; 
R6 is hydrogen, a pharmaceutically acceptable cation, C 1 -10 alkyl, C3.7 cycloalkyl, aryl, 
35 arylCi-4 alkyl, heteroaryl, heteroarylCi-4 alkyl, heterocyclic, aroyl, or Ci-io alkanoyl; 
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R7 and R 17 is each independently selected from hydrogen or C 1-4 alky I or R7 and R17 
together with the nitrogen to which they are attached form a heterocyclic ring of 5 to 7 
members which ring optionally contains an additional heteroatom selected from oxygen, 
sulfur or NR 15; 

5 R8 is Ci-10 alkyl, halo-substituted Ci_ 10 alky K C2-10 alkenyl, C2-10 alkynyl, C3.7 

cycloalkyl, C5-7 cycloalkenyl, aryl, aryICi-10 alkyl, heteroaryi heteroarylCj-io alkyl, 
(CRioR20)nORlh (CRioR20)nS(0)mRl8, (CRi0R20)nNHS(O)2Rl8, 
(CRioR20)nNRl3Rl4; wherein the aryl, arylalkyl, heteroaryl, heteroaryl alkyl may be 
optionally substituted; 

10 R9 is hydrogen, -C(Z)Ri 1 or optionally substituted Ci-10 alkyl, S(0)2Rl8. optionally 
substituted aryl or optionally substituted aryl-Ci-4 alkyl; 
RlO and R20 is each independently selected from hydrogen or C1-4 alkyl; 
Rl 1 is hydrogen, Ci-10 alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Ci-ioalkyl, aryl, 
arylC 1 - 1 fj alkyl, heteroaryl or heteroarylC 1 - 1 0 alkyl; 
15 R 12 is hydrogen or R 1 6; 

Rl3 and R14 is each independently selected from hydrogen or optionally substituted Ci-4 
alkyl, optionally substituted aryl or optionally substituted aryl-Cj-4 alkyl, or together 
with the nitrogen to which they are attached form a heterocyclic ring of 5 to 7 members 
which ring optionally contains an additional heteroatom selected from oxygen, sulfur or 
20 NR9; 

Rl5 is RlO or C(Z)-Ci-4 alkyl; 

Rl 6 is C 1-4 alkyl, halo-substituted-C 1 -4 alkyl, or C3-7 cycloalkyl; 

Rl8 is Ci-10 alkyl, C3-7 cycloalkyl, heterocyclyl, aryl, arylalkyi, heterocyclyl, heterocyclyl- 
Cl-ioalkyl, heteroaryl or heteroarylalkyl; 
25 R19 is hydrogen, cyano, Cm alkyl, C3_7 cycloalkyl or aryl; 
or a pharmaceutically acceptable salt thereof. 

6. The method according to Claim 5 wherein the compound is : 
cis - 1 -(^-Hy droxycyclohexyl)-4-(4-fluoropheny l)-5-[(2-methoxy )pyrimidin-4- 
30 yijimidazole; 

rran$-l-(4-Hydroxycyclohexyl)-4-(4-fluorophen^ 
yllimidazole; 

5-<4-Pyridy I)-4-(4-fluorophenyl)- 1 -(4-piperidiny 1) imidazole; 
or a pharmaceutically acceptable salt thereof. 

35 
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7. The compound according to Claim 5 wherein R] is an optionally substituted 
4-pyridyl or 4-pyrimindyl. 

8. The compound according to Claim 7 wherein the substiuents are Y, NHRa, amino, 
5 or alkoxy. 

9. The compound according to Claim 8 wherein R a is aryl, arylalkyl, halosubstituted 
arylalkyl, halosubstituted aryl, heterocyclic alkyl, hydroxy alkyl, alkyl- 
1-piperidine-carboxylate, heterocyclic, alkyl substituted heterocyclic, halosubstituted 

10 heterocyclic, or aryl substituted heterocyclic. 

10. The compound according to Claim 8 wherein R a is benzyl, halosubstituted benzyl, 
napthylmethyl, phenyl, halosubstituted phenyl, morpholinopropyl, 2-hydroxy ethyl, ethyl-1- 
piperidinecarboxylate, piperonyl, piperidin-4-yl, alkyl substituted piperidine, 

15 chlorotryptamine, and tetrathiohydropyranyl. 

1 1 . The compound according to Claim 5 wherein R4 is an optionally substituted phenyl. 

12. The compound according to Claim 5 wherein R2 is selected from optionally 
20 substituted heterocy Icy 1, optionally substituted heterocyclylC 1-10 alkyl* 

(CRi0R20)nNS(O)2Rl8> (CRioR20)nS(0) m Ri8, arylCi-io alkyl, (CRl0R20)nNRl3Rl4, 
optionally substituted C3-7cycloalkyl, or optionally substituted C3-7cycloalkyl Ci-10 alkyl. 

13. The compound according to Claim 1 1 wherein R2 is morpholino propyl, 
25 piperidine, N-methylpiperidine, N-benzylpiperidine, 2,2,6,6-tetramethylpiperidine, 

4-aminopiperidine, 4-amino-2,2,6 l 6-tetramethyl piperidine, 4-hydroxycyclohexyl, 
4-methyI-4-hydroxy cyclohexyl, 4-pyrrolinindyl-cyclohexyl, 4-methyl-4- 
aminocyclohexyl, 4-methyl-4-acetamidocyclohexyU 4-keto cyclohexyl, 4-oxiranyl, or 
4-hydroxy-4-(l-propynyl)cyclohexyl. 

30 
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